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[57] ABSTRACT 

Microwave digestion vessel of Teflon PFA material 
including a Teflon PFA vessel with a threaded cap and 
a threaded adjustable nut with a diaphragm. A valve 
assembly is formed by a U-shaped hole in the cap, a 
plunger extending downwardly from the adjustable nut 
into the U-shaped hole, and the diaphragm extending 
downwardly into a recess in the adjustable nut. Pressure 
in the digestion vessel forces the plunger up against the 
diaphragm to move the plunger upwardly, subsequently 
releasing pressure through an exhaust hole in the cap. 

IS Claims, 9 Drawing Sheets 
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PFA digestion vessel includes a valve assembly for 

MICROWAVE HEATING DIGESTION VESSEL venting and release of high pressures. 

According to one embodiment of the present inven- 

BACKGROUND OF THE INVENTION tion, there is provided a microwave digestion vessel 

1. Field of the Invention 5 k^to^S a Teflon PFA container vessel with a 
The present invention pertains to a digestion vessel t0 P- a Teflon PFA ca P with mating threads to 

and more particularly, pertains to a microwave dices- J e ^ esse1, 311 adjustable nut Eluding a plunger and 

tion vessel for use in a microwave oven including a ^™f! recess » ™ d a diaphragm. An exhaust hole is 

valve assembly for venting high pressure. lft p ™ Vl m one 1°* f ° r exhaustmg gases 

2. Description of the PriorArt 10 ™ der P" 88 ^ wmch *™ a hole m * e ca P> 
Before the advent of microwave heating and micro- ^e'cT * °* * 

wave ovens, considerable time was required to dissolve rw „ . , ^ r . 

„ „ i • , - , • i , . *~* W * T * One significant aspect and feature of the present in- 

l^lZ fT^Tlt ^^J** T ve » tion Teflon PFA microwave digestion vessel 

SnSff ^ taltra^ analysis, such as in the 15 with an optioiial Teflon ventmg valve for Sieving high 

2i T*? P^'."*^ related «• pressureduringdigestionprocedures. Other Ukemateri. 

eas, including medical laboratories. Digestions were als can also be utilized 

performed in open vessels on hot plates, or with other Raving thus described the embodiments of the pres. 

heating devices, resulting in long and extended diges- cnt invention, it is a principal object hereof to provide a 

aon times, in addition to the exposure of personnel to 20 microwave digestion vessel with a pressure relieving 

caustic and harmful exhaust fumes from boiling acids or valve for use in a microwave oven during digestion 

other digestion subjects. procedures for bleeding off pressure and fumes in a 

With the advent of microwave heating and micro- controlled manner at various settings, 
wave ovens, elemental trace analysis became ever more One object of the present invention is to provide a 
so common, especially in utilizing a microwave diges- 25 microwave digestion vessel which include an entire 
tion vessel in element trace analysis and the chemical teflon valve assembly for relieving high pressure build- 
procedures. The prior art problem with utilization of up in the vessel during digestion procedures in a micro- 
digestion vessels was that there was a certain amount of wave oven utilizing venting procedures, 
guess work required in the microwave heating tech- Another object of the present invention is to provide 
niques, especially rxrtaining to temperature, pressure, 30 a microwave digestion vessel which includes a non-cor- 
and time for a digestion procedure. During microwave rosive Teflon spring which will not contaminate the 
heating it was possible, at elevated temperatures, to gases or vapors from the vessel nor the contents thereof, 
cause digestion vessels to expand considerably beyond additional object of the present invention is a 
normal size. short path of flow of gases to exit from the digestion 

With the advent of Teflon PFA molded vessels, the 35 vessel t0 ^ atmosphere. In the unlikely event of valve 

Teflon PFA material provided a microwave digestion failure, gases will inherently vent through the orifices, 

vessel which would function at elevated pressures and preventing rupture or explosion of the vessel, 

temperatures over time. Irrespective, there was still the BRIEF DESCRIPTION OF THE DRAWINGS 

necessity m the art for providing for the venting of high rt , 

pressures and collection of vapors or gases in a slow 40 0ther ob J ects of the present invention and many of 
controlled manner during microwave digestions. the attendant advantages of the present invention will 
Early attempts provided digestion vessels with valv- be readUy a PP reciated as the same becomes better lin- 
ing assemblies with springs of ferrous or non-ferrous dersto ° d by reference to the following detailed descrip- 
alloys in a valving arrangement, but this proved to be At U0 . n W ? en considered m connection with the accompa- 
difficult as such a metallic assembly in a microwave 5 nvm S ^w^. m which like reference numerals desig- 
oven cavity may cause arcing between adjacent metal- °* e ' throughout the figures thereof and 
lie members, and required special shielding and time "w*; : t w~- e - i • 

consunungpericxiiccleaningofrofsurfaceoxidati^ t - Fia 1 a plan view of a microwave diges- 

proper non-impeded spring operation. These springs * n ^rn^w.*, * « * 

would also react with oQiot Sapors and gasesoffer- 50 * £sl£^^ 

ing potential contamination of the digestion container F mr * ;n3~^L ♦ r.u j ■ 

and contents thereof. These springs llso deteriorated 5? I * ? P ™ °5 5* J***™ 

due to chemical reactions with digestion vapors, thus 52" } iSSS. ^ ^ * T^fi ^ 

K fMWn „ j-„^ 1Vk . 6 FIG. 5 illustrates a cross-sectional view of the micro- 

breahng down the spring qualities causing the springs 55 wave digestion vessel; 

L v^J.™^ V" 8 ? 1 ? f OW - FIG. 6 illustrates a cross-sectional view of the micro- 

CXPeUed ° Verb0ard WaVe ***** vessel durin * a P ressure °P erati °* 

^™^nvlT A , Fia 7 iUustrates ■» "Itenu&ve embodiment of a 

The present invention overcomes the disadvantages jacketed microwave digestion vessel* 

vL. f ? n ? r A M Y P rovKBn « * microwave digestion 60 FIG. 8 illustrates an alternative embodiment of a 
vessel including a valve assembly for exhausting pres- diaphragm and plunger insert- 
sure in the digestion vessel on actuation of the valve FIGS. 9A and 9B illustrate an alternative embodi- 


ment of an adjustment nut with a Teflon plunger; 

SUMMARY OF THE INVENTION FIG * 10 aiustratcs " a bottom view of, the adjustment 

65 nut; 

The general purpose of the present invention is a FIG. 11 iUustrates a ribbed digestion vessel container- 
microwave digestion vessel for use in digestion proce- and, 

dures in a microwave oven. Particularly, the Teflon FIG. 12 illustrates a bottom view of FIG 11 
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DESCRIPTION OF THE PREFERRED including the flexible areas 56 and 58 providing a pas- 
EMBODIMENTS Mge for 88X3 ftom hole 36 about P Iun ger seat 34 and 
_„ , ... plunger radius 82 and through the holes 40 and 42. The 
MO. 1 illustrates a plan view of a microwave diges- particular pressure setting is determined by dialing the 
Hon vessel 10 including a Teflon PFA cylindrical vessel 5 knurled knob of the adjustable nut 16. Generally, tight- 
container 12, a cap 14, and an adjustable nut 16. A hose ening the vessel with a twist of the wrist to a desired 
1» connects to the cap 14 as later described in detail for position is sufficient for most digestion operations 
exhausting of pressure and gases. FIG. 6 illustrates the passage of gases by dashed line 
flKj. 2 illustrates a cross-sectional view of the com. 84. The diaphragm 62 can be made of any suitable mate- 
ponents separated. The cylindrical vessel container 12 10 rial, such as Ultem which is a polyetherimide material, 
includes a base 20 and threads 22. The cap 14 includes Other polymers transparent to microwave energy may 
internal threads 24 and a cylindrical member 26 with likewise be utilized. The diaphragm, when pushed in, 
breads 28 secured to the top 30 of the cap 14. A plunger provides a tamper proof settmg inthat the diaphragni 
hole 32, including a plunger seat 34, extends down- cannot be pushed back out by an individual The on- 
wardly into the cylindrical member 26. A hole 36 con- 15 tional plunger insert 60 can be a yielding or non-yield- 
necte to the plunger seat 34 and through the top of the ing material for more precise control at the plunger seat 
cap 14. A nipple 38 connects to the cylindrical member 34. The threads 28 and 50 can be buttress threads. Like- 
26andmcludesalargehole40connectedtoasmanhole wise the threads 22 and 24 can also be buttressed 
« for providing a path for the venting of gases from the threads^ 

cylindrical vessel container 12. An optional moisture 20 The plunger seat 34 and the plunger radius 82 form a 

C ^^, P T , f ed '1 ™ on valve ' P" 380 " movement of the plunger 

tubmg can friction fit mto the large hole 40. A pointer upwardly, providing a valving operation 
arrow 46 is provided on top of the nipple 38 as later 

described in detail. The adjustable nut 16 includes a DESCRIPTION OF THE ALTERNATIVE 

cylindrical member 48, internal threads 50, a diaphragm 25 EMBODIMENT 
seat 52 and a plunger 54. The plunger 54 is tapered to FIG. 7 illustrates an alternative embodiment of a 
pro vide appropriate mabng ofthe radius of the plunger vessel 100 including a Teflon cylindrical vessel con- 
82 to the plunger seat 34 while providing tapered sides tainer 102, a Teflon cap 104, an outer jacket 106 with 
SStflHE 1^7 f0f fS** °J ^° U8h threads 1M - » threadedring »0 with threads 112, Z > 
h« ! « ™ 2* P - Unge S through smaU 30 ceatered hole 114 to sli P *° previously described 

hole 42. The diameter of the lower portion of the structure. A pointed top 116 of the cylindrical vessel 
p unger is less than that of the upper portion of the container 102 Engages into a V-groove 118 to wovSe a 
tS££!£S ta , 6SCaPe ° f ^ gaSeS h ° k * *»» the top of the ccfZ m a^e tp 

^t^Z V? ^8^134,8 substantiany identi- 104. The ring 110 provides engagement of the cap 104 
rll*? f P i Un8 "i Ar£aS 56 »° 58 arc 35 to the container 102 forming a seal and enhancing pres. 

*«. «^hu^r. An optional cylindri- surization of the digestion vessel 100. The same adjust- 

cal msert hole 60 is provided as later described in detail. able nut and diaphragm structure is utilized as previ- 
An optional insert 78 can be utilized if the plunger is not ously described for FKrSi 1-6. The option o^Ws 

S4 ?<T r^SS ^ the , p,U, ? ger «»>>odiment «» of a digestion v^dSsS 

sl!lo„ A P Hi. ^.P 1 ^ of annular rings 40 stantially identical to the as previously set forth for 
80<z-«0«. A diaphragm 62, including barbs 64 and 66 FIGS, 1-6. The difference is the capturine of the Teflon 

diaphragm thickness 70 can be a tapered thickness or a screwed about the jacket 106 
constant thickness. 

FIG. 3 illustrates a top view of the diaphragm includ- 45 ADDITIONAL ALTERNATIVE EMBODIMENTS 

Zt^V^M- 7 t f ° r a ?T irf,t purposes durin * final HG. 8 illustrates a diaphragm plunger insert assem- 
maduning of ^diaphram thickness. b i y , 50( including a diaphragm structure 152 »Ta 

FIG. 4 dlustiates a top view of the adjustable nut 16 plunger insert 154 The diaphraW is substantiaUy Wen" 

Sarror4^mG.T PeC,t 0theaet ^ ot ^ J0 '"gages into the optional hole to 2 

vS^'w^TT^ * 8ectional , view of *" d*"** P ™5S. 9A and 9B illustrate an adjusting nut 180 such 
eZl , """PO-fnts of the cylindrical vessel as being formed out of a strong engineering type X 

SZfl th£ adjU8t t tle . DUt * a " d *» mer ' such ■» ™» and molded wff tarta to^Sa 

diaphragm 62 assembled prior to a heating operation. 55 Teflon plunger 182 of FIG. 9B. The Teflon plunger 182 

MODE OF OPERATION ,s P" 551 * 1 on w '*h factional engagement onto support 

mr* c •« » , iL , . member 184 which engages in the hole 186. Threads 

ZS^Js^ZS^X^ ?° I ^ Cr °: 180 ° n the tbxeads 28 of the ca P M - Mo »d«i sealing 

rJrt^ure! JTo^ P T m for d*?"^ of residual 60 rings 188*-188„ correspond to annular rings 80a-80« 

SZof Tefkn 8 ^' ^ ^ 13 Prefer - ^"alagainst theplungerhole32. The ««uUncrCt 

aoiyaisoot letlon. 180 can be molded of a material which is transoarent to 

an?6 ^SZ ZL"*?* Pa ^ CUkrl , y l ° FIGS - 5 eDe ™ such M Wtera Tie adS« 

and 6, when the pressure becomes elevated to overcome can be molded in Teflon with „„ ;„»„„Ji -i. 

r asaa s? as --"jsssa - ss «SSHFi 
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exposed allowing the manufacturer to make a final ma- 
chining cut after molding to insure a perfect sphere for 
sealing effectiveness. 

FIG. 10 illustrates a bottom view of the adjustable 
nut 180, particularly showing the barbs for anti-twist 5 
and securing of the Teflon plunger. 

FIG. 11 illustrates a plan view of a digestion vessel 
200 including a bottom view of FIG. 12 which is ribbed 
with a plurality of ribs 202a-202n to enhance cooling. 

Various modifications can be made to the present 10 
invention without departing from the apparent scope 
hereof. Any suitable engineering polymer can be uti- 
lized. Teflon PFA is the suggested material for the 
vessel, the cap and the plunger, but other types of high 
temperature chemical and acid resistant materials can 15 
be utilized as may be entering the market. The adjust- 
ment nut and the diaphragm can also be any suitable 
engineering polymer materials and is not limited to 
Ultem or Teflon. The appropriate materials will be 
utilized which exhibit the appropriate spring coefrici- 20 
ents for the diaphragm, as well as the flexible areas and 
the adjustable nut It is important that all of the materi- 
als selected be transparent to microwave energy. 

I claim; 

L A microwave heating digestion vessel for use in 25 
microwave oven during a microwave heating digestion 
of a material comprising: 

a. a molded threaded vessel with threads at an upper 
end of said vessel for holding at least one material 3Q 
for a microwave heating digestion; 

b. a mating molded threaded cap for covering said 
vessel, said vessel and said cap being transparent to 
microwave energy, said cap including a plunger 
seat in a cylindrical member affixed to a top of said 35 
cap, a downwardly extending hole through said 
cylindrical member and said cap about said plunger 
seat and a side hole extending through said cylin- 
drical member slightly above said plunger seat, and 
threads surrounding an upper portion of said cylin- 43 
drical member, 

c. an adjustable nut including inner threads on a 
lower portion thereof for engaging said threads of 
said cylindrical member, a configured diaphragm 
seat extending across a mid-portion of said nut and 45 
a plunger extending downwardly therefrom for 
engaging in said plunger seat in a nonpressure state; 
and, 

d. a diaphragm being transparent to microwave en- 
ergy engaged in said adjustable nut in said dia- 50 
phragm seat whereby pressure during a microwave 
heating digestion in said vessel causes said plunger 

to move upwardly against said diaphragm in said 
diaphragm seat and pass gases and liquids through 
said downwardly extending hole, about said 55 
plunger seat and through said side hole. 

2. Vessel of claim 1 wherein said vessel, said cap and 
said plunger are of polymer material. 

3. Vessel of claim 1 wherein said adjustable nut in- 
cludes a plunger insert of a material transparent to mi- 60 
crowave energy. 

4. Vessel of claim 1 wherein said plunger includes a 
shaft and at least one O ring about said shaft. 

5. Vessel of claim 1 wherein said plunger includes at 
least one sealing ring about a circumference of said 65 
plunger. 

6; Vessel of claim 1 wherein said adjustable nut in- 
cludes a flexible area adjacent to said plunger. 


7. Vessel of claim 1 wherein said diaphragm includes 
a varying thickness to enhance spring action. 

8. Vessel of claim 1 wherein said diaphragm is of 
polymer material. 

9. Vessel of claim 1 wherein said vessel includes a 
plurality of vertical ribs to enhance the strength of said 
vessel. 

10. Vessel of claim 1 wherein said adjustable nut 
includes means for pressure release in said vessel. 

11. Vessel of claim 1 wherein said diaphragm includes 
means for retaining said diaphragm in said nut and at 
least one horizontal retaining barb about said retaining 
means. 

12. A microwave heating digestion vessel for use in 
microwave oven during a microwave heating digestion 
of a material comprising: 

a. a molded threaded vessel with threads at an upper 
end of said vessel for holding at least one material 
for a microwave heating digestion; 

b. a mating molded threaded cap for covering said 
vessel, said vessel and said cap being transparent to 
microwave energy, said cap including a plunger 
seat in a cylindrical member affixed to a top of said 
cap, a downwardly extending hole through said 

. cylindrical member and said cap about said plunger 
seat and a side hole extending through said cylin- 
drical member slightly above said plunger seat, and 
threads surrounding an upper portion of said cylin- 
drical member; 

c. an adjustable nut including inner threads on a 
lower portion thereof for engaging said threads of 
said cylindrical member, a configured diaphragm 
seat extending across a mid-portion of said nut and 
a plunger means extending downwardly therefrom 
for engaging in said plunger seat in a nonpressure 
state; 

d. a diaphragm being transparent to microwave en- 
ergy engaged in said adjustable nut in said dia- 
phragm seat whereby pressure during a microwave 
heating digestion in said vessel causes said plunger 
to move upwardly against said diaphragm in said 
diaphragm seat and pass gases and liquids through 
said downwardly extending hole, about said 
plunger seat and through said side hole; and, 

e. means retaining said diaphragm in said adjustable 
nut. 

13. A microwave heating digestion vessel for use in 
microwave oven during microwave heating digestion 
of a material comprising: 

a. a molded threaded vessel with threads at an upper 
end of said vessel for holding at least one material 
for a microwave heating digestion; 

b. a mating molded cap for covering said vessel, said 
vessel and said cap being transparent to microwave 
energy, said cap including a plunger seat in a cylin- 
drical member affixed to a top of said cap, a down- 
wardly extending hole through said cylindrical 
member and said cap about said plunger seat and a 
side hole extending through said cylindrical mem- 
ber slightly above said plunger seat, and threads 
surrounding an upper portion of said cylindrical 
member; 

c. an adjustable nut including inner threads on a 
lower portion thereof for engaging said threads of 
said cylindrical member, a configured diaphragm 
seat extending across a mid-portion of said nut and 
a plunger extending downwardly therefrom for 
engaging in said plunger seat in a nonpressure state; 
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d. a diaphragm being transparent to microwave en- 
ergy engaged in said adjustable nut in said dia- 
phragm seat whereby pressure during a microwave 
heating digestion in said vessel causes said plunger 
to move upwardly against said diaphragm in said 
diaphragm seat and pass gases and liquids through 


8 

said downwardly extending hole, about said 
plunger seat and through said side hole; and, 
e. a jacket means surrounding said vessel and said 
cap. 

14. Vessel of claim 13 wherein said jacket means is of 
a polymer material. 

15. Vessel of claim 13 wherein said adjustable nut is of 
a polymer material. 
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